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SUM14ARY

Subdect. This report covers engineering tests conducted on an
e:xperiuental 42-inch ammonia process printer-developer genorallyr con-
forming to military characteristics established by: the project. This
particular machine was developed to fill what wore, at the tiie of
the initiation of this project, the following needs:

1. To provide an improved rmchine to replace the Ozalid Model
B in Engineer Set No. 710-010. Tile Model E was no longer available
comiercially.

2. To provide a means for experimental testing and further
developing under the same project of materials and processes for
photo reproduction by the ammonia process.

3. It was expected that the new machine might also provide an
interim means to field units for making diazotype prints in quantity
if such a requirement developed.

The investigation covered by this report is limited to the
experimental machine and its functioning; neither the anmmnia pro-
cess nor the diazotype sensitized materials wore under test.

Investigation. An experimental ammonia process printer-
developer was procured, inspected and subjected to tests of the
functioning of its components and to production tests involving the

reproduction of line-work, and of continuous-tone transparencies,
both cut and roll. Operational and functional deficiencies of the
machine were noted, and provisions were made to correct them.

Conclusions. The report concludes that:

1. With the modifications accomplished and those recomiended
under par. 15, the machine is a satisfactory replacement for Iwo-
sent standard equipment used for the production of line-work prints,
where the quantity of work necessitates the use of a hiCh speed
production machine.

2. The machine is saticfactory for the production of con-
tinuous-tone prints from cut sheet and aerial roll ilzi, as an
auxiliary feature to the line-work reproduction.

3. By reason of its width, this machine is not suitable for
the exclusive production of continuous-tone photographic prints in
rolls.

4. The machine is suitable for standardization as a Class IV
item of issue.
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5. Further investigation and developnent is necessary to
provide anmn4ia 1rocess equipment suitable for the exclusive pro-
duction of continuous-tone 1wiLlts from aerial roll films.

Recormvidations. The report reconmendu that:

1. The experimental arrnonla process printer-developer, nnxdi-
iled as noted in par. 11, be classified as adopted tp•e, utandard
type, and as a Class IV item of issue.

2. Projeot 8-35-0c9-005 be modified to cover the development
of a special ammonia process printer-developer suitable for the
exclusive production of continuous-tone prints froa aerial roll
fi L'e.
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NOTE

This report, including illustrations, wes produced on the IRDL
experimental printer-developer utilizing presently available comaercial
amnixa process mterials. The text, Figures 5, 10, and 11, and all
tables were produced on Ozalid Blue-Line Paper, 205 S from Ozatran
originals. Figures 3 and 9 were mide on the blue-line paper using
photo-mechanical film poeitives contact printed from the original line
negatives. Figures 1, 2, 4, 6, 7, and 8 were made on Ozalid Sepia Dry-
Photo Paper, 404 D1, from commercial type film positives which were con-
tact printed from the original negatives.

.. .. . ...... ...
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FINAL REPORT

UIGII:RL•G TMTS OF EXPERIMENTAL AIMI.rIA 2ROCM36

*PRIN~TER -DV !M

I. UtMODGOTI ON

1. Subject. This report covers eineerLv: tests Qonduc-ed
on an experiLk~ntal 42-inch amrrcia processI lirinter-developer
generali.L conforming to military cluaracteriotics ewtablishod by the
project. 'dis particular machine was develoned to fill wu,.t were,
at the tiwe of the initiation of this project, the folloving needs:

a. To provide an improved mchine to replace the Ozalid
Model - in Engineer Jet No. 710-010. The Model E was no longer
available c orzmrcially-.

b. To provide a means for experimental testing and
further developing under the same project of materials and processes
for photo reproduction by the amonia process.

c. It was expected that the new machine might also pro-
vide an interim neanm to field units for rrx ng diazotpo prints
in quantity if such a requirement developed.

The investigation covered by this report is litited
to the experimental mcldne and its functioning; neither the amnmzia
process nor the diazotype sensitized mterials were under test.

2. Authority. The authority for this work is contained in
Project 8-35-05-00., Reproduction Equipment, Ammoxnia Process.2 A
copy of the project card (RDB Form 1A) is contained in Appendix A.

3. Personnel. The engineering tests were conducted by Johij
E. K2lly, project engineer, under the supervision of W. W. Davis,
Chief, Reproduction Studies Section, Robert E. Roesell, Chief, Photo-
Idtho Branch, an& William C. Cude, Chief, Topogaphic Engineering
Department, EM)L, Fort Bclvoir, Virginia.

1. See Appendix B for definition of tenrs used in connection with
ammonia process.

2. The following reports cover work also authorized under this
project:
EDL Report 1109, Interim Report, Liiht-SenuitLive Diazot-ype

.2alers for Tropical Use 8 April 194. '.
ERDEDL Report ll22, jensitizers for the izroduction1 b- the Diazo-

Amwnia Process., of 1on-Photoc-a.phic Blue-Line Draf'tixv- Bords,
6 ICy l97.
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4. Bacb~ound. Because of the ever increasing importance of
aerial photogralpht, :ilitary planning has had to investigate ways
and means of providing large quantities of photoCraphsL q(ickly.
Under combat conditions in World War 11, it was found that aerial
photograph-, to be of maximum value, had to be reproduced and readied
for use within a few hours. (An AFF Board No. 2 Report 1400, Photo
Rew~oduction Methods and Equinment 3 February 1ý50, estimated that
50,000 photographic prints per army per day would be required.)
Iresent methods for quantity production of continuous-tone photo-
graphic prints, and. the methods employed during World War II, are
confined in most cases to the use of the conventional silver halide
photographic process. If this method is used in a future emergency,
it means that a trenendous amount of photographic processing equip-
ment must be employed together with sizable quantities of men and
material. It wa.s necessary, therefore, to find a simpler, more
rapid process capable of quantity production with less ranpower and
with equipment of less size and weigCht. The armonia process is one
that show. promise of meeting these objectives. A description of
the a,-,monia process and its comparison with the silver halide pro-
cess is contained in Appendix C.

II. IUW-STIGATION

5. 2reliininar:; Investigation. Research was initiated to
develop an eumaonia process rcnhine which would be capable of quantity
roproduction of line drawings and continuous-tone photographs. Re-
quiremonts were drawn up for an experimental am:tmoa process printer-
developer to meet the military characteristics. Thlis machine was
Krocurod under development contract W-44-005 eng-505, for the uawOf
16,500, from Ozalid, Division of General Aniline and Film Corpora-

tion, Johnson City, N~ew York, and was delivered to the ERDL on 23
Ma.rch 1948.

6. Description. The experimental model, its various sections,
and its 3pecial attachments are described in the following sub-
paragraphs:

a. General. The machine, a self-contained, autorntic,
reproduction unit capable of exposing and developing ar~zonia pro-
cess materials up to 42 inches wide, is 73 inches in width, i•_
inches in height, 47 inches in depth, and wei ±:tu 1835 pounds
(Figs. 1 and 2). The machine is operated fron a 110-120 volt, a-c,
60-cycle, single-phase power supply. It is permanently mounted on
rotati•n ca.ters, and is equipped with leveling bolts and anchor-
bolt plates oior serii-per:.rrnnt installation. When the latter ty-o
of insutallation is used,, machine, including casters, is raised
oif ihe floor and leveled iJ adcjusting the leveling bolts. For
this purpose, a spirit levol is located in the center of the feed-
board, parallel with the face of the machine. Thc min frameworl:
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183-2-5
Fig. 2. Front and left side of experimental model anmmonia process
printer-developer. Supply and. reqind spools are for rolls of
sensitized material, film, and processed prints.



of the macl-dne consists of a rectangular base, four corner post ap-
rights, and a rectangular top franc all of which are stiffened by
the use of fabricated aluminum angle and. plate construction. The
rotating components, such as rollers and glass cylinder, plus the
fixed components such as tanks and metal guides, are supported and/or
coinnected to end plates which span the ccrner post uprights at each
end of the .ichi.no. The fraivwork is enclosed by easily removable
sheet metal doors or panels. End sections extend from the framewar:
forming end cabinets where access for maintenance and adju3tment is
gained to bearings, sprockets, chain drives, belt ten Ion adJustrint
screws, air duct tubes, electrical terrInals, ammonia feed, and
ammonia tank. Space is available in the end cabinets for tools,
spare parts, grease, oil, amonia waste can, and attachzmnts. A 6-
inch diareter flexible tube is attached at the roar of the rxchine
for carrying away the exhaust heat and ai~nia fumes.

b. Stand SecticM.. The stand section of the riclhine in-
cldes the base and that portion of the fra•o below the level of
the feedboard and houses the drive unit, blower unit, and electrical
components. The drive unit consists of a General Electric Jiunior
T•h1.1.otrol electronic control, anode transformer, and 1/8-hp, d--,

Gear-in-head motor. TIhs unit drives the rollers and feed belts
of both printer and developer sections at speeds ranging from 0.66
to 30 fpm and is controlled by a slidIng inob (with indicator scale)
located on the front panel Just above the feedboard.

The blower unit consists oe a 1-hp, 3l450-rpm, con-
stant speed uotor with cylindrical blowers connected to each end
of the motor shaft. Intake air for one blower is taken from the
room through a disk-typo shutter on the lower .ront panel (lhuned
door) and passed tlrotigh fle:-ible air ducts to the printer section
whore air undeý! low pressure is used for cooling, ventilating, and
air pick-of. at the printinC cjlinder (Fig. 9). Intaize air for the
other blower is drawn tixroui7h the suction tank..: in the printer aec-
Lion, thus creating the necessary vacuta,, while the outlet air of
thi, blower is used to creeate Lirosuure in the .rin e..haut outlet
of the Tachino. Te blcwer unit and the drive unit Lre wired so
that the7 nt.ý,- be operat-ed indcjopndentlZ ot tho burner and heaters
"to oj-ect -radLial coolir43 of heo bIurner, removal of arionia. fTuzsoo
arnd to prevent the worn belts from sticLing to the printing c,:linder.

he electrical corponents, mounted in the stand. soc-
tion, conosist of switih geear, 1 to 'I step-y r:-..-nor:cr3 fo:' con-
vortirg line voltage to 220-24•O volts a-c, and a reactive transfolrer

3.° since the basic couiponen,.i- of theo exgri: na.i model were adapt-

ed i'or.i a standard coziercial mchlne which oerateoy Then 220-
2L0 line voltage, a stop-up transforner i; reqAired 'or their
oixration irom a 110-120 linc; vol'a:e.



0 Ny -Processed Print

- -. Print Receiving Tray

Steel Screen

">.Super-heaters

-'Developing Tank -

Perforated Wall -- >Heaters

Evaporation Tray

' DEVELOPER ET
PRINTER SETO

Suction
\ Tank-

0 Expose Print
Mhjvercur\aoLih

Shypo ight ® ri~r ginal Transparency
Bunr Reflector'

BmrAssembly ArRkOfTn

-Glass Printing CylinderOrgnlRcingTa

- - ~ Original ransparency

'Sensitized Paper

* --- STAND SETO #~w _

183-2-20
LEGEND

Sensitized Paper
Original Transparency e

Fig. 3. Flow diagrami for experimental model anmionia process printer-
developer.



with capacitor for supplyinr power to the mercury-vapor lamp in the
printer section. The switch Cear includes three magnetic starters,
remotely operated by switches, thermostats, and timer which con-
trols the operation of the burner, various heaters, drive unit, and
blower unit. These starters are equipped with protective devices
replacing the conventional fuse, and thus prevent damage caused by
an overload. They must be reset manually if inadvertently over-
loaded. A wiring diagram for the electrical circuits in the machine
is shown in Appendix D.

A foot pedal, Wabl1eed "Tracing Release" is mounted
beneath the feedboard at the base of the machine. Its operation
releases the tension of the printing belts of the printer section.
The stand section has a hi.,ed door along the front to provide easy
access to the units contained Twithin.

c. Printer Section. The printer section (lower half of
Fig. 3), designed on the rolling contact principle, consists of
burner assembly, glass printing cylinder, air pick-off tank, feed
belts, suction tank, feedboard, original receivinC tray, and vari-
ous attachments for use with roll materials. The burner asueobly
consists of a 60-watt-per-inch, dry cathode, high pressure, nar-
cury-vapor lamp fixed to a stainless steel receptacle, wwhich also
contains an Alzac reflector and a movable light shield. The
burner assembly is supported at each of its ends by the frrame of
the machine. Access to the burner is made through hinged doors
on the upper half of the end cabinets. As required, the burner
may be removed when tables or other surfaces 36 inches high are
placed on both sides of the machine, and thus the space adjacent
to the machine can be utilized for tables or cabinets. The entire
buiner assembly, including reflector and light shield, is mounted
inside a rotatirn, polished pjrex glaos cylinder, 6 inches in
diameter and. 471 inches long, with stainless steel ferrules on
each end for supporting it on small rollers.

The original copy and sensitized material are
guided through the printer section by a multiple perforated belt
s3ytem. The auxiliary belts, driven by a knurled roller, help
guide the imterials from the feedboerd to the printing cylinder
(Fig. 3). The original copy and the exposed sensiuized material
are removed from tile printing cylinder by an automatic-air pick-
off. Air under pressure emerges from the slotted duct of this
pick-off device which runs parallel to the cylinder; thus, the
original and the exposed material are lifted irom the printing
cylinder.

The printer aection is equipped with a suction
tank which automatically separates the original and the exposed
material. The exposed material is drawn up against the perforated
printer belts and conveyed to the developing unit wi~le the original
drops by gravity into tho receiving" tray. Outlets to the suction



taik are equipped with valves which, when closed, let the sensit-
ized material fall into the tray for receiving originals.

Supports for the feeding of roll stock are mounted
beneath the feedboard; a spring-mounted, wire paper cutter is
located on the feedboard for quickly severing the desired length
of stock (Fig. 4).

d. Developer Section. The developer section (upper
half of Fig. 3) consists of a developing tank, steel screen, seal-
ing sleeve, heaters, evaporating trayu3, anmonla supply, ammonia
feed, and print receiving tray. The developing tank has a per-
forated bottom and is fabricated of stainless steel. An endless
flexible stainless steel screen revolves afobund the developing
tank. A sealing sleeve which covers the screen and is driven in
synchronization with the screen, prevents the escape of aumonia
fumes. The developing tank contains two V-shaped, stainless steel
ammonia evaporating trays, each having a rod heater to generate
ammonia fumes. Nlklng use of feed pipes, the aqua ammonia is
admitted to the center of the developing t•rnk. The aqua ammonia
is evaporated as it flows along the trays to the ends of the tank.
The funme are then superheated by other rod heaters controlled by
a thermostat switch.

The anmmnia feed is governed b- two factors; the
8' speed of the machine and the setting of the manual ammonia supply

indicator knob on the face plate of the machine. The 2-gal.,
cast-aluminum ammonia supply tank contains a bucket conveyor feed
system which supplies liquid ammonia to the trays in the develop-
ing tank. An ammonia storage can, looated at the base of the right
end cabinet, is equipped with a special locking-type cap having a
large rubber stopper which can be expanded when placed inside the
can opening. The can is connected to the storage tank by a rubber
hose. The ammonia is pumped up the hose by a small, manually
operated pump, connected to the can stopper. The can is held in
place by spring clips having a rolled end wl-dch clamps over the
top of the can.

A small light on the front panel of the mucl-ine
indicates when the level of the ammonia in the storage tank is
such that reilling is required.

e. Attachmnts. Rewind devices are provided for roll
film and paper operation. Original3 and izinto, up to 42 inches
wide, may be rewound on hexagon bare driven by single-phase 220-
volt, 60-cycle torque motors. ThG bare are mounted so as to lo
easilZj removable, one in the original-colpy receiving tray and the
other in the print receiving tray.

There are spindles providod for supply and rewind
spools when aerial film and lyiper rolls of the same width are usod

A
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(Fig. 4). The spindles which accomaodate standard size aerial
film spooli are also driven by the above-vntLionod torque motors.

7. Test 2rocedures. All testa and investigations, except
those requiring temperature and humnidity control and the inveootiLa-
tion into transportability, were conducted in the laboratories of
the Photo-Litho Branch, tropical chamber exposure (temperature and
huniddty control) tests were conducted by the Kitoriala Branch.
Tramnportability tests were conducted in the vicinity of Fort
Belvoir.

The investigations were conducted over a period of 14U0
hours of macline operation. CObservationa were mnde during inter-
mittent Vroceasing ruis as well as durig full scale production
rtus. The maximum time of continuous operation was 64 hours; how-
ever, the greater percentage of operating timo was ,Lde up of 8-
hour periods. During the teat period, three lar:e production runs
of 36,000, 36,000, and 4c,900 prints, respectively, wore recorded.
All types of original copy, ouch as line-work drawings on paper,
linen and plastic, and continuous-tone film Liaterials, were used.
Sonaitized papers and plastics, both line and con-Unuous-tone,
were used as reproduction mediums.

3. Operational Tests and Reaults. The followinc, oub-
paragraphs describe the tests of thu experimental model and tir
results with regard to five considerationo: electrical character-
i Itics, printing cylinder surface Lemperature, thermostatic con-
trol for developing tank heaters, electronic speed control, and
effect of tropical temperature and huridity conditions on exhaust
tubing.

a. Electrical Characteristics. Tile pirLc1aso description
stated that the rnchine shall operate from a 110- to 120-volt, a-c,
50- to o0-cycle, single-phase power puuply, and .lv at the total
power conseumgtion (line current) shall not exceed. 75 amperes on
starting and shal not exceed 60 ameres during operation.

A reccwding-type voltneter, an arzietcr, and a watt-
meter were used to test electrical clhracteristlcs. The experi-
r•intal nodel was connected to a 110-120-volt sower line. In the
first test the malchne was started by operatin; the miii switch
which controls alU heaters, blowers, drive zmotors, and lamnp.
The initial ostae of current was found to be in excess of 100
amperes (scale on armeter tape was calibrated to a nixicanm of 100).
The line voltage varied between l08 and 113 volts during the test.
The line current after startiag with all heaters varied between
b3 and 6y' amperes. When the j)re-sot developing tani: toeperaturo
was reached, the superheaters a:uto:rnticallýy cut out and the auger-
ago then varied between )3 and 57. Tah line currunt reduced to
betwoeen 45 and 45 amperes whea the tray ieators were s3ut off by
thu action of the autonrtic control. The above u ii currurl`.
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is in excess of the specified 7T- amperes and the operating current
exceeded the specified limit of W0 amperes.

The second test used a two-step starting method by
fIrst operating t2e switch controlling the blowers and drive motor,
and then i diately oLerating the min switch. This method pro-
duced the following results: initial current eur-s was 64 axmpereu,
dropping to approximatolly 20 amperes; operating cutrrent after the
main switch um turned on varied between 63 •nd 61 apperes.
Operating current as -ediwed5 amperes by switclhing of' an auxiliary
700-vatt heater, which may be independently controlled. A conpiri -
son of the line current during the initial sarCe of both methods
of starting is shown in Fig. 5.

b. Printinig Cylinder Jurface T; mperature. The purchase
description stated that the printing cylinder tOUperature shall
not exceed room teLperature hu, more than >U F.

The ends of the printing cylinder are open to allow
for the dissipation of heat (generated by the braing of the 60-
watt-per-inch, mercury-vapor lamp); this heat is drawn off and
exhausted to the outside.

Cylinder surface temperatures with related room
temperaturoos, vacline speeds, and hours of operation recorded dur-

* ing three tests are given in detail in Appendix D, Tests of Cylinder
Surface Temperatures. R adiings wore taken, ap1prninatoley every 30
minutes, using, an Alnor pyrometer, type 4.200, with theruo•couple
4040. All readings were made vith the blower vent in tle lower
front panel of the machine open throuMhout the toots. easurements
were taken at three -points along the cylinder cur..ace: at the
center, and apiwoximately 6 inches from each end. 1ho results ob-
tained are -resented in Table i.

Table I. Tests of Cylinder Surface Temperat-res

Mach. ne Room C r-lindor
Test Speed Temperature Teoerart .re Difference

No. -,Pra) F) (De,, F) (Do F)

1 15 78 (avo) 137 (avg) 5)

2 84 (av,) 1.4- (P'wg) 63

32 to 3" 74 to 76 l to 1•)" 64 to o

* Highest cyrlinder tsuperature was xecorded ut lowest machire
speed.



MAXK AMP5 Oa-)

ALLL Mtl OK

Ampt%--! Maochine --torted b%4 main. nwitch on1q APRKIf'/%

MOTOQ.. 5WITCKt ON
L MAXl. AhID5.

Ampta-eS- Motor 5witch on,-tren main 5,wttch ADPPROC IfT1/00111.

FiG. 5. Line current chartS ebowing compart5on of two 5fatcirnq meibod5.



13

To increase the suction in the suction tank so that
slightly curled sensitized papers would be more eifectively moved
from the printer to the developer unit, the utnufacttror recom-
:onded that the -•ont blower vent be closed. The clouinje of the
vent improves the tank suction; however, it limits the blower
intake air to tlht which is inside the machine. When the :mclne
was operated in this nanner, the surface temperature rose to .0o-
,vween lO0 and 1o0 F, more than 100 degreeu above room temperature.
At surface temperatures above 1i0 F, it was noted thiat fin, rutcri-
als because of their Froatly increased tendency to adhere to the
cylinder, wore difficult to remove by the air pick-off. A nw:fber
of 'filim and sheets of paper were lost because the e.L'fectivoncss
of the air pick-off was insufficient to coupletely overcome the
filml's tendency to stick to the cZlinder. Conseciiently, if one
corner of the film was picked off and the other tended to stick to
the cylinder, the film folded as it was delivered to the receiving
tray. Occasionally, the leading edge of the film was picked o'iL,
the remaining portion sticking and causing a _Alin jam between "•-o
cylinder, air pick-off, and belts.

c. Thernostatic Control (Deyelopiac, Tai]: Heaters). T1-
purchase description stated that the developer temperature sahll be
controlled by a thermostat. It shall be capable of maintaininr the
temperature indicated at :! 20 F.

The experimental model was originally equipped with
a Scaico temperatiure control No. X109 to provide for the tempera-
turo control of the developing unit's superheaters. This control
and a Weston rod-type thermoneter were mounted in the left-cad
plate of the developer tank with the elements extene-ino into tho
tank, the control knob and thermometer dial being viLible inside
the left end cabinet (Fig. 2).

The procedure for arriving at a desired temperature
inside the developer tank proved to be a hit-and-nisu proposition
because there were no temperattre settings indicated on the control
dial and it was possible to rotate the knob throtugh a number of
turns, there bein,-, no stop on the shaft. In order to attain a
desired temperature, it was necessary to set the lnaob at a definite
spot on the dial, allow the ma.chine to heat until the superheater=
cut off, and then check the termperattre by the Weston thernoncter.
Uhould the actual temperature not be that whizh was desired, the

control kIob was then readjusted and after tie heators cut off,
another ther-aometer check was made. This procedure was repeated
until the desired temrerature was attained.

An investigatiun was rtnde to Aind a thermoorntic

control that could be set at a desired temperature, ach)ieve th" K
temperature, and retain the slci'ifid differential .' 20 F.

It was also considered udvawutaýeous to lhve a control wilch could
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be mounted on the face of the MicILine in Dall view of the operator.
The kInneapolis-loneywell Thermostat, )b l TAI1A was tested for
tile purpose of giving this control.

The Winneapolis-Honeyvell Model T415A, having a rarve
of 160 to 280 F, together with its monel fittings und element, vao
installed in the opening previously, occupied by the original control.
The control unit was temporarily mount'oed inside the left end cabiaet.
The controlled differential of this thermostat is adjustable from
6 to 32 F, at low temperature settings (160 F); and from 4 to 1, F
at high settings (280 F).

Readings were made from the Weston Thermorxeter each
time the thermoewitch cut on or off. The temperature inside the
tank before the machine was started was usually below the range of
the thermometer. The humidity-percentage control, governing the
percentage of time the tray heaters are on, was set at 100 per-
cent until the initial warm-up was completed; it was then reduced
to 75 or 50 percent. (Appendix D, Thermostatic Control Tests.)

Three tests were conducted, two of 8 hours' opera-
tion, and one of 6 hours. The temperature setting of tile con-

& troller remained the same throughout each of the three tests. The
settings were 200, 230, and 240 F. The differential scale on the
thormo switch was set a position "B" (approIor-imtel.7 t 10 F) for
all tests. The initial warm-up period is not included in the
differential calculations. Test No. 1 (200 F setting) reduced a
high of 211 F, 11 over; and a low of 139 F, 11 under. The aver-
age differential was 11 F. Test No. 2 (230 F setting) produced a
high of 241 F, 11 over; and a low of 209 F, 21 under. The average
differential was 14.9. Test -o. 3 (240 F setting) produced a hig•h
of 244 F, 4 over; and a low of 227 F, 13 under. The average
differential was 13.7. All tests produced temperature ranges with-
in the specified ! 20 F.

Temperature readings taken intermittently indicate
that the temperature of the developing tank reaches 240 to 250 F,
after initial warm-up (15- to 30-rmnute period) without the aid of
the superheaters, if the humidity percentage control (governing.
percentage of time ammonia tray heaters function) is mnaintained at
100 percent. Thus, the thermostatic control of the developing
tank temperature is more or less voided when this control is set
at temperatures of 240 F and loss.

d. Electronic 3iSeed Control. he purchase descrip-
tion, regarding the speed control, stipulated that the control
shall be easily adjustable and equipped with a positive-locking
device.

The speed control potentiometer, mounted on the
front pIanel of the machine, iu calibrated on a linear scale IThor



15

0.66 to 30 fpm. The slidinC knob permits instantaneous chanues to
any point along the scale. Although no mwnual method of locldng•
is provided, the control retains its set position at all times.

Three tests were conducted to determine the accuracy
of the speed control with regard to the act ml speed in feet per
minute and the efficiency of the control to ,woduce the oa:m speed
an repeated settings.

Footage measurements were marked off on the au~xiliaryv
belts, whlUch assist in guiding the materials fron the foodboonrd to
the printing cylindor, and a zero point was established. Acti-L-1
tibes -ere recorded using an Elgin Timor stopowatch. The tiLx, alid
distance was recorded for each setting of the control panel. Table
11 shows the control settings, the belt speeds, the percentage of
error in repeated settings. and the percentage of error in the
calibrati on.

The maximum error in repeated settings was 12.o per-
cent at 0.66 fpm; the three lowest settings, ii 1,l, U.66, ], and
2 fpm, produced higher percentage errors than were fo,nmd in speeds
of 3 fpm and greater. Only one setting, 28 fpm, -produced exactly
the cea speed in all three tests.

e. Effect of Tropical Temperature and Hurdlty Condi-
tions on Exhaust Tubii. As specified, the experimental iodxel was

* originally equipped with ten lengths of flexible tubing-_ (6 inches iii
ditmuter by 2 feet long) for exhausting Anuzes from the rMchino to
the exterior.

Two sections of the tubing were placed in the E&)L
Tropical Test Chamber to determine the effects of tropical tempera-
ture and humidity conditions. The conditions prevailing i. the
tropical chamber change periodically each daily cycle consisting of
two periods, one having a temperature of 75 F and 95 percen't humidity,
and the other 85 F temperature and 50 percent huuidity.

After 2 weeks, exposure in tle chamber, the metal
connecting collars of the tubing began to show signs of oxidation
and the outer rubberlike covering of the tube began to blister. The
blistering broke through after 3 weeks' exposure, causing small
areas of the outer covering to peel, exposing the cord fabric used
in the fabrication of the tube. The tubing was removed after 12
weeks' exposure, and the f'ollowing conditions were noticed: the
connecting collars were badly oxidized; the loo•ing straps except
for the screws wore not affected; and, although the outer coating
had peeled in a number of places, there were no actual holes.

9. Reuroduction Tests and Rosults. The purchase deacripticn
stated that the machineo shll be capable of printing continuous-tono
photompe and contact prints, from cut film or aerial roll iil]a on
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Table II. Belt Speed vereus Indicated Speed of
Electronic Speed Control

Indicated Belt Speeds Arrar in Xrror in
Speed (FEet iDer Minute) Repeated Calibra-

(Feet per Test Test Test Aver- Settings tion
batinute) 1 2 3 a- e -. () (%)2

.66 0.35 0.28 0.29 0.31 12.9 A3.0

1 0.42 0.38 0.42 o,4o 5.0 60.0
2 .130 1.41 i.i46 1.39 6.5 31.0
3 2.41 2.47 2.51 2.46 2.0 18.0
4 3.59 3.49 3.53 3.53 1.7 Ul.5

5 4.61 4.51 4.46 4.53 1:8 9.4
6 5.36 5.36 5.41 5.37 0.7 10.5
7 6.28 6.26 6.40 6.31 1.4 9.9
8 7.36 7.36 7.41 7.37 0.5 7.9
9 8.31 8.08 8.31 8.23 1.8 8.6

10 9.61 9.43 9.31 9.45 1.7 5.)
U U 10.24 10.28 10.18 10.23 0.5 '.0
12 11.08 11.01 11.18 11.09 0.8 7.6
13 12.22 12.26 12.19 12.22 0.3 6.0

*14 13.o4 13.29 13.21 13.18 1.0 5.9

1i 14.28 14.15 14.28 14.23 0.6 ý.l
16 15.19 13.09 15.19 15.16 0.5 5.3
17 15.94 16.03 16.13 16.03 o.6 5.7
18 16.87 16.98 16.87 16.91 0.4 6.1
19 17.87 18.A4 18.09 18.oo 0.7 5.3

20 19.33 19.48 19.23 19.35 0.7 3.3
21 19.87 19.93 19.84 19.88 0.3 5.3
22 20.82 20.75 21.01 20.86 0.7 5.2
23 22.40 21.90 21.90 22.07 1.5 4.0
24 23.56 23.07 23.07 23.23 1.4 3.2

25 24.27 23.50 23.80 23.86 1.7 4.6
26 25.32 24.60 24.84 24.92 1.6 4.2
27 26.20 25.)1 25.63 25.78 1.6 4.5
28 26.58 26.58 26.58 26.>8 0 5.1
29 28.06 27.27 27.44 27.59 1.7 4.8
30 29.41 28.85 28.57 28.94 1.6 3.5

1. Percentage of error of repeated uettings computed by taking the
ratio of the nwxinz= deviation to the average recorded belt speod
and rultiplying by 100.

2. £ercontage of error o1" calilration coi.iputed bV tawndn the ratio
o!: the difference between indi,,a, ted1 uiod and average upeed ,,o
the indicated cpeud and .xiltiplyi-k, buY l',i.



standard Air Force spools,, without processing streaks. ProtecAive
material for the printing surfaces slall not be required. It vas
stipalated that the machine hatll be capable of yroducing positive
prints irom Line tracings or similar transpareacios by the aiu•mnoia
process, and that the mnchine shall be capable of printing up to
42 inches in width.

Various types of coniercially produced and laboratory
samples of cut sheets and rolls of continuous-tone reproduction
materials were processed in the mnchine and good quality prints
were produced with no difficulty other than that mentioned below.
The sample print shown in Fig. 6 illustrates the result of print-
ing :rom . silver halide filn positive using Ozalid Dryphoto paper,
Sepia, 4o)4D.

a. Rerod~uction from Continuous-tone Cut Film OriginalB.
Continuous-tone az'nia process prints (7•,4o0 masuring 3 by lc2
inches) were produced for the Engineer School during two experi-
mental production runs of 36,200 and 38,200 prints. The first run
consisted of 18,100 prints each of two negatives and the second run,
19,10 prints each of two negatives, requiring 68.!) and 53.• hours
of machine oporation, respectively. Film positive originals were
made from negatives furnished by the School, utilizing the con-
ventional silver halide photographic process. Adjustments of con-
trast and density were incorporated in the exposure and process-
ing so as to produce positives which would have characteristics
suitable for printing on Ozalid Dryphoto, sepia paper.

The actual exposure and development of the anaonia
process prints were executed satisfactorily and produced final
prints of good quality; however, two difficulties were experienced
during the production runs and at other times when fulms and continu-
ous-tone papers were uied. High cylinder temperatures increased
the tendency of the film to adhere to the cylinder, thus reducing
the effectiveness of the air pick-off in the rumoval of the film and
paper from the cylinder. Occasionallyr-, the film and paper continued
on around the cylinder two or more times, deutroying not only the
print involved but any otler prints (in the printer section) V:ich
it might overlap. At other tines, only one corner of tiho material
would be picked off the cylinder, the remaining portion adhering
to the cylinder. This resulted in a folded film and paper, or a
Zamming of the miterials between the cylinder and the air pick-off.
In either case, the film and paper were rendered unusable.

The auto2natic transporting of exposed paper from
the printer to the developer section proved to be troublesome and
constituted the second difficulty encountered during the two pro-
duction runs. It was found that unless the paper had little or no
curl, the suction of the suction tank was insufficient to hold the
entire area (lead corners dropped downward) of the paper against
the belts. As the paper moved into the auxiliary belts between
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the printer and developer belts, the dropped corners were- folded,
thus making the print unusable. The use of a roller a&.inst the
rear edge of the suction tank to aid in holding the paper against
the belting proved unsucceeeful. In order to eliminate this dif-
ficult, the suction was cut off (the prints dropping into the tray
with the originals), and the prints manually fed into the developer
unit. This !rocedure reduced 1roduction speed.

This difficulty is attributed to the curl of the
Ozalid Drylpoto paper and not necessarily to a deficiency of the
machine. The curling of the paper also made it impossible to
stack primnbe in the final receiving tray. Flat (non-curl) papers
and those having very little tendency to curl can be transported
through the machine and stacked without difficulty.

On a third large production run for the Fifth
ArW under Project "Oweet Briar" 50 prints each of 998, 10- by 10-
in. cut film positives were produced on the experimental model by
troops of the 656th Engineer Topographic Battalion stationed at
The Engineer Center. A total of 49,000 prints were produced in
153 machine hours. The aerial film in 9 rolls of various length
was received by the MDWL on 20 December 1949 and the prints were
completed on 30 December 1949. Film positives were made by two
teams of three men each, one at ERDL and one at the Army Map
Service, Washington D. C. One film positive was made for each
aerial negative, but if this positive was destroyed befc'e )0
prints were completed on the experimental model, a second film
positive was furnished later to complete the prints. This method
was used so as to conserve on film and. labor in processing the
film positives. (On previous productions runs, several positives
of each original were furnish'ed.) With this procedure, 10 percent
of film positives had to be remade before 50 prints were completed.
The difficulty was determined to be at the air-pick-off. As the
result of this experience and study subsequently made on the cause
of film breakage, adjustments of the air-pick-off tank were made
which is believed will reduce Ailm breakage to a minilmam of per-
haps 1 percent on a similar production. The continuous-tone print
paper used on this production was Ozalid, 404D, Sepia, cut to 10-
by 10-in, size by the manufacturer and furnished in 250-sheet
packages. The difficulty of curling, as exderienced in tel two
foruer production runs, was not a factor in this production.

b. Re-oroduction from Contipuous-tone Roll Film Originals.
The exposure and processing of rolls of sensitized continuous-tone
papers, using roll film positives as oriLinal copy, was accomplished
satisfactorily. The problem of curling paper cn.ountered in the
use of sheet raterial is eliminated by continuous processinc; how-
ever, unless cdre is taken in feeding the beginning of the rolls
of paper and film into the machine and the xroper tension is applied
to the paper and -tiLn feed spools, the materials will "walk," and
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unsatisfactory printing will result.

c. Revroduction from Line-lrWk Ori~igal. Satisfactory
positive prints were produced from such originals as line drawings
(ig. 3). film, andi typewritten copy on Ozatrean (a commercial
parchment paper 5 , using both cut sheets and roll stock up to 42
inches in width. The difficulties, noted under subpar. 9a,, encoumter-
ed using the continuous-tone reproduction paper did not present them-
selves during the use of line reproduction papers. The feed and take-
up bars operated satisfactorily. It was noted that because the un-
used portions of roll stock on the feed bar is exposed to light and
ammonia fumes, some loos of material occurred.

10. Trasportability Tests and Results. The following describes
the transportability tests and results.

a. Truck Mounting and .gansvortiB. Requirements striu-
late that the machine shall have a low center of gravity and shall
be readily adaptable to mounting in a van-type truck body as used in
the present mobile map reproduction train, and/or the proposed mobile
photomapping train for Corps and Army topographic units.

As a means of determining compliance with the above-
mentioned requirement, the experimental model was manually moved
from the loading platform of the laboratory over a ramp leadin up
to the floor (or bed) of a 2j-ton, 6x 6 , van-type body truck. (The
printing cylinder and burner assembly were removed prior to loading
and xuloading operations; however, both units were in their operat-
ing position in the macline during the 200-mile road shock test.)
This operation was performed satisfactorily in spite of a difference
of 15 inches in the levels of the platform and truck bed. With the
experimental model placed parallel to the axles of the truck (Fig. 7),
mounting was accomplished using the angle plates welded to each cor-
ner of the machine and the bed plates bolted to the planking of the
truck., directly below the angle plates. This method allows a posi-
tive tie-down of the machine.

The truck was then driven over 200 miles (see Apen-
dix D for map) of hard surface, dirt, and gravel roads (35 percent
of the route was over the gravel and dirt roads). Speeds ranging
as high as 30 mph on the rough roads (and hIgher on the smooth roads)
were employed; however, on some occasions., it was necessary to de-
tour because of an impassable route. After this road test was com-
pleted the machine was returned to the laboratory and unloaded frai
the truck in a manner similar to the loading procedure described
above.

The experimental model was again loaded manually on
"a 2--ton, 6 x 6 , long-wheel-base truck and then lowered to the groind
using a crane and rope sling (Fig. 8). (Again, it was deemed advis-
able to remove the printing cylinder and burner assembly prior to
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Fig. 8. Unloading operations after truck transportability teat.
Printer-d~eveloper' being lowered, to ground. using a crane and. rope
sling.
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loading and unloading operations to prevent damage to these partc.)
Although the crane's hoisting mechanism slipped and the experi-
mental Lmdel dropped from a height of apprc•imately 15 inches onto
the trucck floor, when the machine was placed in operation there
were no indications of maechanical damvge.

b. Air Trianportabilit-. Tests to determine whether
the machine could be loaded and transported in standard cargo planes
without dismantling malor parts were not made. Rowever the weight
(18,5 lb), dinsions (73 by 711 by 47-in.) and cubage (16c cu ft)
are such that it can be carried in Phase I operations.

3.1. 0OPeratio2MI Defnciencies. The operation and tests of the
experimental ammonia process i•rinter-developer revealed a number
of deficiencies, 'o=t of which were not aerious. A compilation of
these, with the -. rrective action taken or needed, is given in
Table III.

III. DISCUSSION

12. General. The evaluation of the experimental anmnonia
process printer-developer as a replacement for the existing,
standsrd equipment was considered with regard to its capabilities,
performance, and reproduction qualities as compared to the other
commercial models of ammonia process machines.

A oomparison of physical specifications for the experi-
mental model with those of four conmercial Ozalid ammonia process
machines, the Printmaster, the Model B, the Streamliner, and Model
E is shown in Table IV.

The Model E (no longer manufactured) and the Streamliner
are both two-operation machines; that is, the printing and develop-
ing is not a continuous process. The sensitized material rast be
fed manually into the developing unit after exposure. With both of
these models, the printing and developing speeds are not Bynclron-
ized; in addition, satisfactory definition cannot be obtained in
continuous-tone, prints on the Streamliner and printing mist be
accomplished at one-third the machine speed employed with the ex-
perimentel" model. The Printmaster and the Model B are both single-
operation machines, having sjnchronized printing and developing
speeds. The weight of the Model B is slightlý, loss than the MWDL
experimental model; the 1Printmarter weighs almost 50 percent more
than the experimental model. Neither the Printmaster nor the Model
B are suitable for truck mounting, because of the height of the
machines. None of these models except the experimental model in-
clude facilities for aerial roll-filA reproduction.

SS• n•mmm mn ~ m ~ ~ •• m
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Table IV. Comparison of Characteristics of Priater-Developers
Manufactured by Ozalid, Division of General Aniline & Film Corlxoation

EDE Po~peri- Print- Stream-.
Characteriatics uMntal Model Mter Model B lirnr M.od.el E

Capacity (inches) 42 42 42 42 4a

Printing speed 8 to 360 U? to 360 Up to 300 Up to 120 2 to 25
(inches per minute)

Developing speed Syncbro- Synchro- Synciro- 60 30
(inches per minute) nized sarae nized same nized sane

as printing as print- as 4int-
speed ing speed ing speed

Electrical 110 to 120v, 205 to 205 to 205 to llmr, a-;
a-c, 6o- 235v, a-c, 235v, a-c, 235v, a-c, 6 0-cycle,
cycle, JO-cycle, 60-cycle, 6 0-cycle, single
single phase single single single phase

phase phase phase

Starting 2 40 amps 32 amps 30 amps 12 anps
Current 5 a mp r, ,220 v G 220 v k 220 v 110 v

110 v

Operating 2-step start 33.5 amps 26.5 ampB 22.5 ampa 10.5 amps
Current 75 amps t P-220 v G 220 v J 220 v j 110 v

110 v

Width (inches) 73 74 78 62 56 - 3/8

Height (inches) 7l½ 83 79 51 53 - 3/8

Depth with
feedbcard (inches) 4 7 a 68 38 30 19I

Wet Weight (pounds) 1900 2600 1728 750 W831

Coot (dollars) 20,000.00b 6o6,-6.00 3,890.00 1,4$(8. jC iýot known
10 00 c. 06

Notest a This includes casters which extend 6 incles beyond mrchine

proper; fiedboead overhangs iront casters.

b Estinated for experimental models.

c Estirated for production models.
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The following paragraph discusses the merits of individual
components of the experimental model, which in general, functioned
satisfactorily, having but a few breakdowns, the greater percentage
of which were repaired by the operators of the machine following
inatructiona given in the manual furnished by the manufacturer.
Those imperfections traceable to design will be corrected in future
models. Experience gained in the experimental production runs In-
dicates clearly the advantages this machine has over the other avail-
able ammonia process equipment with respect to ease of training in-
experienced personnel and rapid production speed.

13. Evaluation qf Tests axd InyestiatlonS. The following
considerations are covered in this evaluation: electrical character-
istics, printing cylinder surface temperature, thermosetatic control,
electronic speed control, exhaust tubing, reproduction of continuous-
tone original copy, reproduction of line-work copy, construction and
transportability, and ammonia supply.

a. Electrica.l Characteristics. An operating current of
approximately 65 amperes was determined by tests to be required.
For this reason, a generator with a larger capacity than the Corps
of Engineers 5-kw Generator 8et, 2ortable, (Stock No. 17-505-.500.000),
may be required for the ammonia process van because of the addition-
al power load of other components within the van.

b. Printina Cylinder Surface TemperatuM. Test results
chow that the printing cylinder surface temperatures are normally
higher than the 50 F above room temperature, specified in the
procurement description. Tests also disclosed that for production
work involving the use of film. materials, the cylinder temperature
should not exceed 150 F. The cooling of the cylinder surface is
dependent on room temperature as the air used for this cooling is
drawn into the machine by the front blower. As the room tempera-
ture rises, it can be expected that the warmer air will have less
cooling effect and the cylinder temperature will also rise. Air
conditioning may be required for operating areas and a room tempera-
ture not exceeding 80 F maintained if film materials are to be used.
However, in one production run several thousand satisfactory prints
were obtained from film positives when the room temperature was as
high as 100 F.

c. Therwatatic Control. The replacement of the
original thermostatic control with the Minnoapolis-Ioneywell, Model
T415A, proved satisfactory for the purpose of controlling the tempera-
ture of the developing tank within the livitations of '_ 20 F of pre-
set value.

d. Electrcoic .Opeed Control. The major requirement of
the speed control is not tht.t the machine run at the speed indicated,
but that it accurately repeat the same speed on successivo settings.
The present control is considered satisfactory in all settings
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except the three slowest speeds, that is, 0.66, 1 and 2 fpm. Al-
though the 0.66 fpm setting was 12.9 percent in error in repeated
settings, the present control is satisfactory for processing present
conmmercial materials. Laboratory samples of now negative-working,
diazotype, intermediate materials recently tested require slow speed.
exposures. The use of this type material will necessitate rigid
specifications dealing with the accuracy of repeated settings and
linear scale calibration.

e. Exhaust Tubes. The exhaust tubing of the machine is
satisfactory except for the corrosion of metal components. This
should be corrected by the use of a non-corroding alloy for these
parts.

f. Reproduction of Continuous Tone Origiauil Copy. Except
for the difficulties noted under subpar. ýe, satisfactory reproduc-
tion from continuous-tone originals (both cut sheet and rolls) was
accomplished without the use of protective materials. The problem
of unsatisfactory transporting of sensitized paper from printing to
developing units should be corrected by the production of non-
curling papers. The vacuum within the suction tank is sufficient to
satisfactorily transport flat paper; therefore, the use of papers
which have been treated to counteract the curling would not only
lead to satisfactory processing, but would result in satisfactory
stacking and simplify the future handling of the prints. Although
the transporting and stacking problem is not present in the use of
roll materials, this non-curling treatment would work advantageously
after the prints have been out from the roll.

Roll film printing was accomplished satisfactorily
and meets the purchase requirement. The quality of each print pro-
duced on roll stock msy not be expected to be as good as that of
individually produced prints, as the exposure (speed) used for con-
tinuous processing must necessarily be an average for the entire
roll. The speed of the machine cannot be adjusted for each frame of
the roll.

Although satisfactory continuous-tone photographi c
prints were produced from cut sheet and roll film it is felt that
the experimental machine is not suitable for the exclusive produc-
tion of continuous-tone roll film work. Any amnonia process equip-
mwnt to be used exclusively for the production of continuous-tone
prints in rolls should be the subject of a future investigation
and would be especiallý- designed for the purpose.

g. Reproduction of Line-work Copy. The experimental
model machine meets the purchase requirements for producing prints
equal in quality to those produced on the Printmaster Model. How-
ever, a slightly slower machine speed is required for production
using the experimental model.
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h. CO•nt•ction and. leMW8wBa]Abt. '. The general con-
struction of the machine is satisfactory; however, any refinements
which have been included purely for beautification of the mchine
should be eliminated. The original electrical switch, guide knobs,
and door pulls (made of plastic and easily broken) should be re-
placed by less fragile units.

Several components, such as take-up bar sockets and
take-up spool spindles on the torque motors show cigns of corrosion
from ammonia fumes which causes difilculty in the replacement and
removal of these parts. Fabrication from stainless steel would
eliminate the corrosion problem.

When mounted in the standard map reproduction van-
type bod, the space available around the machine is limited. There
is no access to the end cabinets or the rear of the machine. If
the machine is mounted parallel to the axles, as it should be for
proper load balance, it will be necessary to provide full-length
access doors in each side of the van body or mount it in an expans-
ible side van-type body.

i. Ammonia Supl-y. After appromimately one month's
operation, the seam of the ammonia supply cans separated; in addi-
tion, the cans showed signs of rusting. They were fabricated from
material too light to withstand the pressure applied by the pump.
The clamping device was found to be unsatisfactory for the purpose.
The rubber stopper began to wear after repeated removals and in-
sertions in the cans and was no longer effective in retaining the
pressure within the can.

It was found that the problem of suitable supply
cans and the need for a pump would be eliminated by feeding the
ammonia directly into the top of the supply tank using a flexible
spout attached to the original ammonia container.

14. Compliance with MIltary Characteristics. Table V shows
the degree of compliance, of the ammonia process printer-developer,
with the military characteristics specified.

15. Suirm y of Modifications Accomplished aVA/or Recommnded.
In any future procurement of an ami•na process machine of the type
tested in this investigation, all of the following modifications
are required:

a. Electrical Switches. All electrical switches should
be toggle type with plate showing on and off positions clearly de-
signated.

b. Cylind~e Surface TemperatHres. Cylinder surface
temperatures should be lowered by increased cooling which may be
accomplished by increasing the amount of air forced through the
printing cylinder.
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c. Beater Control. Thermostatic control of superheaters
should be accomplished with a control for directly setting the tempera-
ture, which will have a specified differential and be visible from the
from Of the mchine.

d.. MtaL Cwonents. All mntal components should be
treated to give resistance to armkmia fumes and corrosion.

e. Level Qwm for Azuiuoca SuRD... Tank. The ammonia
supply tank should be equipped with a direct reading level gauge. It
should be located so as to be visible from the front panel of the
machine.

f. Loading of ýAmi a Suu3.y Tank. The loading of the
ammonia supply tank should be accomplished directly from the container
in which the anmiia is furnished, thus eliminating supply cans and

g. Arial Film Spool SpUidles. The aerial film spool
spindles should have rubber cushion stripe, and locking device con-
tact pins should have a stop to prevent slipping inside the spindle
housing.

"h. Coverirg for Roll Stock Paper. A means of covering
the supply of roll stock paper mounted below the feedboard should be
accomplished to prevent premature exposure.

i. Racks for Removable Comw•n ents. Racks, containers, or
locking devices should be provided for all removable components, roll
stock bars, etc.

J. Replacement of Plastic Knobs. All plastic knobs should
be replaced by a metal or other unbreakable material to avoid loss by
breakage.

k. Auxiliary Belting Extension. The auxiliary belts in
the printing section should be extended, or provided with a combina-
tion light shield and guide to prevent the exposure of materials be-
fore contacting the cylinder and provide a more satisfactory move-
ment of materials.

1. Developing Tank Seams. All developing tank seams should
be welded in preference to soldering.

m. Electronic Speed Cgutrol. The accuracy of the electronic
speed control should be iia•proved to provide the same speed with repeated
settings at an identical position of the indicator for the speed con-
trol.

n. Timor Switch. The timer switch ahoud be wired to pro-
vide for the governing of the drive motor, and intake and exhaust
blowers, sinmaItanoously.
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o. Suction Tank. The suction tank should be of the t1ype
described under Table U11 C-linder Fltk-Offs having 3/4-rinch open-
ings to effect a more ef±Acient separation of original and sensitized
material.

p. Blower. The blowers and cxnnect'.ng hose system
should be modiliod as accomplished by the manufacturer and described
in Table ILI, C-.1ader Pick-Off.

q. e. The frame of the Wrinter-developer should be
nodified to provide for lifting attachments fur rapid engagement of
crane sling hooks.

r. End Cabinets. The doors of the end cabinets should
include positive locking devices to prevent accidental opening of
the doors because of vibrational causes. This also applies to the
front door of the stand section. In addition, the walls of the end
cabinets should be given more rigidi t in order to make them with-
stand the shocks of rough handling. IThe fraamewark should be ex-
tended and a vertical support incorporated to accomplish thiu.)

S. Cylinder Removal. Removal and replacement of the
printing cylinder was found to be difficult and time consuming.
Provision should be fade to allow more slack in the printing belts
when released, so that the cylinder can be removed simply and
quLickly.

16. Standadizatign. After the engineering tests of the ammonia
process printer-developer were comrleted, a directive dated 9 1 May
l95C was received from the Chdaf of Engineers requesting that MMDL
prepare a final report on the nrinter-developer phase of Project
3-35-09-005 and proceed with the preparation of suitable procurement
specifications. This directive pointed out that on the basis of
en•ineering tests and the several production test runs accomplished
by troops, the machine be classified as a Class IV item of issue.
The directive sterad from recommndations by Chief, Army Field
Forces, contained in 3rd Ind to Chief of Engineers, File AT'MNG 413.5
(19 Jan "0), dated 9 March 1950, to basic cormzdncation from the
Chief of Engineers to Chief, Army Field Forces, file -MIGIE, dated
1. January 1950, subject: ALAionia Process Equipment D~veloped under
Project 8-35-09-005. (See Appendix F)

Since the subject equipment, when modified in accordance
with paragraph 15, meets the requirements of the military character-
istics and because Army Field Forces have recormended its classifica-
tion as a Class IV item of issue without further testine., it is con-
sidered to be suitable for standardization as adopted type, standard
ty(pe.

a. Specifications. Suitable procurement specificationo
for the subject eclidment are now under preparction by ERDL.
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b. Additional Informatiou Required for Standardl zatiori.
Additional infornation rejuired for standardization together with
the approved military characteristics are shouwn in Appendix E.

17. Operatiops Personnel. Operation of the equipment does not
require specialized personnel.

The instruction manual to be furnished by the manufacturer
with the equipmn~t will contain details of operation and maintenance.
Additional training literature should not be required for ,cl.ine
operation. However, the processing of film positives from aerial
negatives should be covered by a training publication. A tecl-hical
report vbich will include the data that could be used as the basis
for such a publication is now under preparation by the ENDL. 1erson-
nel to process these film positives should be skilled in photogn.)hy.
A Photographic laboratory Technician, MW3 (94") can perform this
task.

18. lNew Requirements for wi Anxnia Process Printer-DeveloZEr.
Arry Field Forces, after an extensive study of equipment and antici-
pated operatione.l requirements, have recently submitted to the Chief
of Engineers military characteristics for, and requested developmint
of, a sarller portable amaonia process printer-developer more adapt-
able for field use than the 42-inch aclhine. (Reference Army Field
Force Board No. 2, Report of Project No. 10UO, i'hoto Re-rodugtion
Methods and Equipment 3 February 150.) Tds ruchine wouild be de-
signed specifically for the production of contiluous-tone photograp;ic
prints from aerial roll film. Action has been initiated by the Chief
of Engineers and the Engineer Research and Development IaboratorieL.
for the preparation of necessary revisions to Project 8-35-9-0Q> and
for their submission at an early date to the Corps of Engineers
Technical Coinittee to cover this new equignent requirenent.

IV. C ONC IM•I 0-1

19. Concliusions. It is concluded that:

a. With the modifications accomplished and those recomn-
mended undor ier. 1,, the rnchine is a satisfactory replaceuent for
iresent standard equipment used for the production of line-work
prints, where the quantity of -work necessitates the use of a high
speed production machine.

b. The machine is satisfactory for the production of
continuous-tone prints from cut sheet and aerial roll film, as an
atuiliary feattre to the line-work reproduction.

c. By reason of its width, this machine is not sudtable
for the exclusive production of continuous -tone photo-aphic prints
in rolls.
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d. The machine is suitable for standardization as a
Claus IV item of issue.

e. Further investigation and development is neoessary
to provide armonia process equipment suitable for the exclusive
production of continuous-tone prints from aerial roll films.

V. RXOb14]ATIONS

20. Rocozendatione. It is recommended that:

a. The experimental ammonia process printer-developer,
modified as noted in par. 15, be classified as adopted type,
standard type• and. as a Class IV item of issue.

b. Project 8-35-09-005 be modified to cover the develop-
ment of a special anmonia process printer-developer suitabl £for the
exclusive production of continuous-tone prints from aerial roll films.



34

Subim.tte4. by:*

Project Ingineer

Forwarded. byz

Chief,, Re~prduction studies section

ROM=R K R05&SIZA.
Chief., PhOto-i~tho Branch

Approved 6 JTuly 1950 by:

wIIzLTm a. c=)
Chlef, Topographlio Engineering

Depexrtment
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c. MILITARY CHARACTERISTICS (Continued),
(6) The machine shall be as lightweight in design as practicable and yet

shall be sufficiently rugged to withstand military field use. It
shall be resistant to damage from corrosion and fungus attack.

(7) The machine shall have a low center of gravity and shall be readily
adaptable to mounting in a van type truck body of the type used in
the present mobile map reproduction train, and/or the proposed mobile
photomapping train for Corps and Army Topographic Units.

(8) The machine shall be skid mounted for air transport and so designed
that it can be loaded and transported in standard cargo planes without
dismantling major parts.

(9) The machine shall be capable of operation from a 110 volt A.C., 50-
60 cycle power supply.

(lO)The equipment shall operate satisfactorily within the extreme range
of climatic conditions from tropic to arctic.

(ll)The machine shall be treated for elimination of interference with
radio communication in accordance with applicable Signal Corps
specifications.

d. DISCUSSION i
(1) Reference a (1) reports on a preliminary investigation of the

Engineer Board into the possibilities of reproducing photomaps by
the diazo process.

(2) Reference a (2) directs continuation of the preliminary investigation,
which finally culminated in the establishment of this development
project. This correspondence also indicates coordination with Army
Air Forces and Army Ground Forces prior to formal establishment of
the project and assignment of the approved project to the Engineer

- Board for prosecution.
* (3) Agencies interested in this project other than Vie Office, Chief of

Engineers are Army Air Forces and Army Ground Forces.
eFR, 0JrCCT P LAN :

(i) Initially stress will be placed on obtaining an improved air and
trvk trarnsportable ammonia process machine to perform present
tn-onvention-al functions of this type equipment.

(2) 5ubsequent development will provide for the addition of improved
diazo papers to this equipment to allow printing .&d developing of
photographic copy. -

(3) Equipment and materials will be subjected to engineering tests.
(4) Service tests will be conducted by interested agencies.
(5) Specifications covering the machine and accessories, with recommen-

dations regarding equipment classification action. basis of issue
and existing production facilities will be submittel to the Chief
of Engineers.

Jab3 PM033 1M I An1 14)41 w 1541pw Ia.*O
5N1ff/t OUUIM•rffltI - UNCLASSIFIlED
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aerial nmative - A photographic neative which has been exposed
from an aircraft in flight in a camra built specially for the
purpose.

aiguia gosess - A diazotype ;rocess of direct positive printing
and developing of photographic prints from translucent line
drawings, film positives, and the like; this process employc
paper or other media upon which a diazo compound, a coupler,
and an organic acid are coated together, the latter preventing
premature coupling before development. Exposure is usually
accomplished by a r•rcury vapor or other ultraviolet source
of light while development'consiste of passing the exposed
media through ammonia fumes. The diazotype material used with
the ammonia process is referred to as the two component type.
(See Ozrl.d Proossa.)

azo comound - One of a series of compounds containing nitrogen,
many of which yield brilliant dyes and form part of the basic
structure of light-sensitive coatings for materials; such
materials are then used to produce photographic prints by the
diazotype process.

continuous-tone - A term designating an image containing tones of
indefinite variation from white (translparent) through greys, to
black (opaque).

contrast - The inherent characteristic of a photographic material to
adjust or change the dez1ty difference of the original; thus,
a high contrast photographic paper would increase the density
dIfference of a negative as exIilbited in the print. The in-
herent contrast can be varied between limits by varying the
exposure, development time, or composition of developer. (See
also density.)

cwt film - Sheets of photographic film with the base generally
thicker than that used for roll or pack fiAm.

definition - The distinctness or clarity of detail or outline of a
photographic image.

denit-7 - A measure of the degree of blackening of an exposed fim,
plate, or paper after development, or a measure of the direct

* image in the case of a Mrint-out material. It is defined
strictly as the logarithm of the optical opacity where the
opacity is the ratio oh the incident to the transmitted (or
reflected) light. Thus, a meditu which transmits all of the
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incident light has a density of D, a deposit pjaing i/lOt1 of
the incident light has a density of 1, a depouit paosine 1/00th
of the incident light has a density of 2, and the like.

evelover - A chemical reagent used in the development of a photog-
raphic imDge.

devglopmnt - The production of a visible image from an invisible or
latent irmge formed on light-uensitive material by exposure.

dia2oitive - An ordinary positive photographic imaie on a trans-
parent support for viewing by transmitted light or projection.

diazo - A Lrefix indicating the presence of the bivalent - N x N -

radical.

diazoty-pe - A prefix applied to equipment, materiala, sensitizers,
and the like w1ich may be used in producing photograpliic images
1 yh diazotype process.

dry-4hoto - A term applied to continuous-tone diazotype papers re-
quiring dry developennt by ammonia fumes.

exLooure - The action of submitting any light-sensitive c:-xfaco to
the action of actiric light. In seneitometric work the term
"exposure" means "total light action" rather than "exposure
time"; thus, exposure my be defined as the product obtained
by Lmltiplying the intensity of illumination at the sermitized
surface by the time during which the surface is exposed to
this illurination.

1r11 (photoc,-apj-zi_-) - A thin flexible transparent sheet of cellulose
nitrate, acetate, or sinilar material which may be coated with
a light sensitive enmlsion.

f•xinw•, - The process of converting the silver compotuds of a photo-
graphic enulsion, which have not been acted upon by light or
development, into soluble compounds that can be removed by
the subsequent water wash, thus rendering the emulsion unalter-
able by further action of ligt.

at - Pertaining to photographic images it implies tat the image
lacks contrast; little difference in denzity between the
various tones.

iria'e - The deposit of silver or other substance by which a picture
representation of t1e ori-inal subject is formed.

interzodiato - Any tr tiwlient or translucent matterial carrying a
jhl)Lograpljic i,;7e, thu vin piurpose oi which ia to aid in the
1woduction oi an owl prctbut, a pouitlie photooyaphic print, Pro.:i
an o0iiunl neaLive.
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line dayawin•g. oo~Ies. neWatlves, et•. - Drawings, copies, etc., the
iaoe of which consists of lines and bas (1ly two tones, ccrre-
sponding to blach and white; a line negtive, one havirg only
transparent and opacoue areas, no variation of tones.

mercury-vapor lamp - A quartz tube containing mercury vapor which
pruoduces lighit by the p.ssage of electric current. T:e light
given off by the lamp is blue-white in appearance (har:ful to
the eyes) and iz lacking in red rays.

neiative - A photograplic image which has the lights and shades in
inverse order to those of the original subject.

negative-working - A sensitized naterial whicL re7.roduces lights
and shades in reverse of those of the original from which the
reonroduction is made.

ozaid zrocess - A cormercial 1vocezs utilizing the amionia process

as defined above.

positive - A photograprdc image having approyxi:'atel•y tho stams rendi-
tion of ligit and shade as the origin.l subject.

2ositive-workdn. - A sensitized material wlhch reproduces lights and
shades which are tlhe an• as those of the ori64nal from which
the reproduction i. made.

roceosing macaine - An automatic or semi-eutomatic rachine, the
purpose of which is to expose and process photographic materials.

silver halide - A compound of halogen with silver as a bromide or
chloride. Used as a prefix when referring to equipront,
materials, sensitizers, and the like, wlLich may be used in pro-
ducing photographic images by the conventional photographic
process.

tone reproduction - The ability of a material to reproduce monochrome
tones, or colors in monochrore, in sati3factory relationship
with those o' the original subject.

tran. lucent - Admitting passage of lig3ht but diffusing it so 'hat
objects beyond cannot be clearly distinCuished; partly trans-
parent.

lansmrenoj - A picture on a transparent or translucent LtuJA.erial
(line tracing, photographic slides, and the like).
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DZSCR~IMCK OF TER AMHUII PROCESS MWD COAIISON
WI THE SILVXH HALUE PROCESS

The ania process is one of two diazotype processes noI
being used ccamuroially for the relroduotion of line dravings. The
dlasotype prooesaes are based an the light sensitivity of a class of
orgnic substances known as diazonium compounds. These oompowids are
capable of reacting with certain coupling compounds to form dyes;
howevwr, this property is destroyed If the diazo substance is ex-
posed to light. In the auwonia process, the diazonium compound is
coated onto paper or other suitable support together with tho coupler
and a weak acid to prevent premature couliLng. If the coated sup-
port Is exposed to light while in contact with a line drawing or
other transparent or translucent original, the diazo compound is
destroyed in those areas which receive liht, thus preventing the
formation of a dye during development. In those areas which have
not received. light, the coupling can be made to take place by neutral-
ization of the acid component in the coating, thus forinng a dzje image.
This neutralization is accomplished by submitting the exposed raterial
to an alkaline atmosphere such as that produced by the volatilization
of liquid anmmima. Because of the nature of development of tUis type
material by aumxnia fumes, it is described as a dry process, thus
differentiating from the other commercially used diazotype 1roceso
in which the sensitizer does not contain the coupling compound. and
the formation of the dye is accomplished by applying the coupling
substance to the surface of the material. The diazotype process re-
quiring a liquid developer is described as a sead-wet process. In
both of these diazotype ]processes the dye image formed is a direct
positive reproduction of the original copy, since the dye in formed
only in those areas in which the light-sensitive substance has been
protected from the light rays by the dense areas of the original.

By the use of certain diazomium compounds which are cap-
able of a gradual destruction by light action depending upon the
intensity of the lights thus reproducing tones intermediate of the
extremes of typical line-work reproduction, it is now possible to
produce continuous-tone photogmphs by the ammonia process.
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SILVER UALIDE PROCMS ASIA PROCESS

Print Materials

Neaetive-vorkcin. Direct print- Powitive-vorking. Direct print-

ing from ori.ginal negative. Four ing from a positive. Single con-
to seven different contrasts to trast. Neither darkroom nor sa e-
cover a wide range of negative lights are required.
contrasts. Darkroom and safe-
lights are required.

Procesaing

Exposure, development, rinsing, Exposure and developmnt only. lo
fixing, washing, and drying are other processing or drying is re-
required. Single print process- quired. Single print processing
ing time (from a film negative), time from an available film posi-
using the fastest coitmer-ial tive is approx. 11- minutes.
method, is approx. '( minutes.

Processing Chemicals, Water, etc.

Developer. Approx. 1 gallon per Developer. Armionia approx.
100, 10" x 10" prints1 . gallon per 2500, 10" x 10" prints.

Water. That required for prepara- Water. None required.
tion of developer and fixer plus
that needed for washing. Recom-
mended wash, a minimum of 20 min-
utes in a flow of water giving a
complete change every few minutes.

Fixcr. When used in large quan- FL-er. IOna required.
tity, the yield per gallon would
probably be slightly higher than
that of the developer.

Equipment

Contact printer or other suitable Single automatic mchine for ex-
method of exposure, trays; and posure and processinC. Floor
sinks, pocsibly temperature con- space, 20 sq ft.
trollod.

Personnel

Hihl•y trained, sL~ocialized No specialized plrsoonel required
* permonnul required. for print production. Tr¶•ining

for operation of amm.•ia process

1 .Se iJao li idxMr L egator.



SILYI HALDE PROCESS AbM)WIA PROCMS

Personne3l (Cent)

machine requires only a few days.
(Production of silver positives re-
quires highly trained and special-
ized personnel.)

Print 1u4alit7

Very good. Good definition, Good. Good definition., fair imace
excellent image stability, etc. stabilit;y, satisfactory for null-
Sonm indication of' grain. tary use. No grain other than

that in the original.

Other Factors

Produces a positive print Requires the production of a film
directly from a film negative. positive from a negative for print-

ing. At present, this positive is
made by the conventional silvesr
halide process.

Possible to produce prints from Present riterials reqUire posi-
negatives of low, norml, or high tives of a specified contrast for
contrast by correct selection of satisfactory reproduction.
paper.

Sabmitted ! January 1950



* APPMWfl D

TIST DATA AIMD MAWMlG6



0

ý4-
-~I'4J-

-,o

ItI * I It! J

r - -- -- P

- - -- - - -- C



_ _ _ _ _ 8 _ 0 u
o 10

0 0

00

!0'a o
- N_ _ 0~ P __ _0

> 0 2

99 5
I 4 I



'UAoLi. 31 . Teet5 Of C%4 tender 3urface Temperature.

TtEMPt-gATuma-e -Tz-F_______ _ _ __ _ _ _ _ __ _

"GOH5ouf rt VJM LETePItt REONVCN~ R-e&Xpip~ QJ&N.I Z" SMAIDIN
OýgAOMle P T~IMP. tDIPV.,L Tt~mip ]Dr. 1 mp. Dlfsw.z

01___ 75 1-50 55 1 ot 5. 1!l 5c,

OZOO -15 150 55 11'15A. 57' 1 b 5b

0 Z'50 77 V5 2- 55 1 34- 57 1,55 58

0300 T1T 1-53 SC. 155 58 1 zp. 59

0530 7~. 8 1-5(- 5B 1-6 59 -6e 4SI-0
-0400 79 1 -6C. 51 1,58 59 140 C.

z0500 80 -58 5b 159 59~ 1-6 519

0___ 80 1 -6 58B 1759 59 141 4%
(160 159 59 140 co0 I A, 41

0 Co bo 80 1-58 5B 14o0 c o 141a __1

0100 c 60 166 .58 14,o C.0 14-% 4

073-5 0 1 e 1159 58 1 4-0 59 140 59

0800 ___ 8% 15 55< I5 ti 5.0- )1 '38, 5-1
Av'tPAG=S- C41hndar 157 / ROOM T8 /Ctqg%nrcdr above room 59+-I

0115 ___78 1-61 __1_5 129 5% 10 SiO z

0145 60 1164- 54 %-56 55 132%- 5Z

b2t I 8 14B C 47 1~ 4b G4T

o7-45 b 14-1 C 5 145 4. 4

0 *0515 141 c4 144 ý5 141 C__4
Z 0-345 84 14 4- 14<. 42.. 10 r-4e

0500 84C 14b C47. 14c. 40 ~5,b 47

0550 81 15c.- C8 154 4 154-

040,0 88 157~ r4 154 G4 1,54- .cC
4--

AV-tZACt -1 C%4llnder 147 /9-oorm 8.4 /Cq1inder above room (5

t0 r4 1 515 r-4 1 48 - 1-47- (b

2 -14- 144. 70 151 TT_ 150 7G

170 -T .4- 1-58 c-44 144- 7 0 14-0 4.4C
0.15 Ts 14a 4.5 142 47- 141 44z 50 75~ 14__ C__ I 4-4 ( %7 47

__ _ 5 1y A,47- 4-1 14-4 C _9 ___ e C

z155 7-T- 15 < 80 154< 80

___ It__ C 140 C e-4 143) C.1 14 ! C.7I

Zo 7 C. A4-5 '1 14-1 -11 14l



01-

0i

U,•

4-1

0

if



50

APPEDIX E

INFMMTIOU RDJII FOR STAOARIZATION

Information required for classification of a now item of equip-
ment is given below:

1. Agproyed Mi1tary Chteractieristcs. The approved military
characterietics for the Printer-Developer, Anmonia Process, 110 volt,
50-60 cycle, single phase, 42-inch capacity are as follows:

a. The machine shall be capable of producing positive
prints from line tracings or similar transparencies by the awmmia
Process.

b. The machine shall be capable of printing photoimps
and contact prints from cut film or aerial roll film.

c. The papers or medium used for printing photoraphic
copy shall be capable of faithful rendition of the original sabject
matter.

d. The photoraphic image, when properly 1rinted and
developed, shall be sufficiently stable for z:litary field use.

e. The machine shall be capable of printing up to 40
inches in width.

f. The machine shall be as lightweight in design as
practicable and yet shall be sufficiently rugged to withstand mili-
tary field use. It shall be reGistant to damaige fron corrosion and
funr-us attack.

g. The machine shall have a low center of gravity and
shall be readily adaptable to mounting in a van-type truck body of
the type used in the present mobile map rejroduction train, and/or
the proposed mobile photomapping train for Corps and Arm- Topo-
graphic Units.

a. The machine shall be skid mounted for air transport
and so designed that it can be loaded and transported in standard
cargo planes without diarvntling major parts.

i. The machine shall be capable of operation from a
U1o volt A. C., 50-60 cycle power supply.

j. The equipment shall operate satisfactorily within
the ex-Lrero range of climatic conditions j.•om tropic to arctic.



k. The macline shall be treated for elimination of inter-
ference with radio consmuincation in accordance with applicable Signal
Corps specifications.

2. Dimnalono and Weipht. Dimensions and weight of the com-
plete Printer-Developer, Aimcnia 1rocess, 110 volt, 50-60 cycle,
single phase, 42-inch capacity are as follows:

a. Dimensions.

73 inches wide, 71- inches high, and 4" inches deep.

b. Weight

1885 pounds.

3. Cost to Fal icate Single Unit.. Estimated cost of produc-

tion of one coriplete Printer-Developer, Amionia 1rocess, 110 volt, 50-
60 cycle, single phase, 42 inch capacity is $00,000.

4. Cost in ýuantity Production. Estinated. coat of the Printer-
Developer, A-onia Process, 110 volt, 50-60 cycle, single pihse, 42-
inch capacity, in quantity jwoduction of 10 or more is $lu,000.

,* Production Data. It is estimated that an established

nmnufacturer ouch as the Ozalid, Division of General Aniline and Film
Corporation could initiate production of the Printer-Developer,
Armznia xProcess, 110 volt, 50-60 cycle, single phase, 42-inch capa-
city, in 90 days and could produce 10 complete units in the next 12
months t-hereafter.

6. Overseas Use. The Printer -Developer, Ammonia 2 rocess, 110
volt, 50-60 cycle, single plase, 42-inch capacity is satisfactory
from a development point of view for use overseas.

7. Standarilization and Interchanjeabili Y of Partu. Tle de-
sign of the Printer-Developer, Armionia Process, 11U volt, 50-60
cycle, single phase, 42-inch capacity does accomplish the objectives
of mxiimun standardization and interchangoability of parts.

8. Speare Parts List. The following is a list o.f" first
echelon spare parts for the Printer .Develoler, Araonia Process, 110
volt, 50-60 cycle, single phase, 42-inch capacity:



BAR (41tity

Cylinder and Ring Assemb]ly, Pyrex glass, 1
47t in. long by 6 in. diameter for 42-
in. printer-developer, aminonia process

lemp, Fluorescent, l5-vi~tt, 1-inch dlamater, 2

17 inches 1eg

Tube, Amperite Relay (G. E. No. 1 O5NO2K) 1

Tube, Electronic, Type 5VI G 1

Tube, Thyratron, (G. Z. No. GL-3C23) 1

Fuse, Cartridge type, 60 ampere capacity 4
13/16 inch diam. by 3 inches long

Fuse, Cartridge type, 3 ampere capacity, 2
J-inch dia. by 2 inches long (G. E. No. 1454)

Iaqm, (for burner assembly), High Pressure 1
Mercury Vapor, 220-volt A.C., 60-vatts per
inch for 42-in. printer-developer, amoia
process

Lam;, indicator, Candelabra base, 6 -vatt, 2

120-volt.
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3ngneer Reseeoh & Development Labs.
The Ingineer Center and Fort Belvoir
Fort Belvoir, Virginia

TECRD TEL

1.oo.1 (8-35-09-005) 20 June 1950

(rROPOSM, SET LISTnE)
Reproduction Mquipmnt, Amniia Proces.,

Contlnuous-tcne, get No. 7

Unit
of Expend- Stock

Nomenclature Measure able No. Quantity

Amamla Aqua, Amnsnia Hydroxlde, lb. X 51-2456.7oo.6oo 140
USP, miaa vater, strong solu-
tion 27 to 29 percent at 260
Baum., 7-lb. jug, packed 10 to
a wooden ease

Film., photographic, cut sheets,
safety base, commercial type
v/antihalation backing, blue and
violet sensitive, speed group
12.5, ga proup 1.30 fog not
exceeding 0.12

10x12 in., 25 sheets to box bx. X NSN 10
24x30 in., 25 sheets to box bx. X NSN 5

Film, photographic, roll, safety
base, comercial type with anti-
halation backing, blue and violet
sensitive, speed group 12.5, gama
group 1.30, fog not exceeding 0.12

9 in. x 150 ft. ro. X NN 5

Paper, printing, asonia process,
gelatin coated, continuous-tone,
single weight, sepia, in sheets

lOxlO in., 100 sheets pk. X NMN 50
24x30 in., 100 sheets pk. X NSN 3

Paper, printing, imnmia process,
gelatin aosted, oontinuous-tone,
uinle weight, sepia, in rolls

7 in. x 50 yds. ro. X NSN 10

Paper, printing, muoia process,
rapid speed, 17-lb. veight, blue,
in rolls

40 in. x 50 yds. ro. X NSN 2

1 age 1 of 2 pages



(PROPOEMD Oir LIST~M) 54
ReprodLuotitm Iquipmt, Ammia Proooss,
Continuous-tmep, Set No. 7 (Ontinmad)

unit

* of Expeand- Stock
Nommolature Measure able No. Quantilt

Paper, printing, amiia prooss,,
rapid .pewl 17-lb. veight, blue,
in shoets
24 x 30 In., 100 sheets pk. X mm1 10

Paper, printing, mia prooese,
intermodiate (translucent), 14-lb.
veight, sepia, in rolls

40 in. x 50 yda. ro. X NSN 2

Powder, conditioning, sealing sleeve,
for printer-developer, iamnia pro-
ess, -pt. can on. x 3

Printer-Developer, Anoni a Prooess,
110 volt, 50-60 oole, single
phase, 42-inch capacity ea. 18-5735.200-420 1

Page 2 of 2 papes
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WASEINTON

MiIE
19 January 1950

SUBJECT: Ammonia Process Equipment Developed Under Project 8-35-09-005

TO: Chief, Army Field Forces
Fort Monroe, Virginia

1. Reference is mae to the following:

a. Item No. 1086, Corps of Engineers Tecmnical Meeting No. 169,
establishing Project No. MF 739 (project number later changed to
8-35-09-005).

b. Letter from Director of Logistics, General Staff, to the
Chief of Engineers, dated 7 February 1949, subject: "Quantity Repro-
duction of Aerial Photographs for Intelligence Use in the Field Armies,"
with inclosed letter from ArmV Field Forces Board No. 2 to the Chief,
Army Field Forces, dated 12 November 1948, same subject.

2. The scope of the project and possible alplications for equipment
and materials being developed thereunder are discussed at some length in
the above references.

3. Engineering tests are nearing completion on an experimental 42-
inch annonia process printer-developer generally conforming to military
characteristics established by reference la. This particular machine was
developed to fill what were, at the time of initiation of the project, the
following needs:

a. To provide an improved machine to replace the Ozalid Model E
in Engineer Set No. 710-010. The Model E was no longer available com-
mercially.

b. To provide a means for experimental testing and further develop-
ing under the same project of materials and processes for photo reproduction
by the mamonia process.

o. It was expected that the new machine might also provide an
interim means to field units for making diazo type prints in quantity if
such a requirement developed.

4. The experimental machine has filled requirement 3b very well and
will be retained indefinitely at the Engineer Researoh and Development
Laboratories to permit continued use for this purpose. Tt also meets re-
quirement 3a more than adequately from the technical standpoint but pre-
liminary indications are that the special features required to facilitate

C ory



INGIE
SWUJCT: Anionia Process Equipment Developed under ProJect 8-35-09-005
19 Jan 50

photo reproduction will render such a machine too large and costly to
permit its issue to all units now issued Set No. 710-010. Also, since
the initiation of the project, an improved commrcial machine, the Ozalid
"Streamliner," has become available which is suitable replacement for
the Model E for "run-of-the-mill" reproduction of drawings, etc., and has
currently replaced the Model E in Set No. 710-010. It appears then that
the best field of application of the newly developed machine now lies in
category 3c; i.e., to provide selected units with a means for reproducing
conventional material at a much higher rate (from three to five times)
than the Streamliner, and in the saw machine to provide an interim memns
for reproducing aerial photographs by the mmonia process pending further
perfection of materials and processes and development of a special amnonia
process multiprinter as proposed by Arnv Field Forces in the inclosure to
reference lb.

5. Attached for your further information in connection with this
correspondence are:

a. Table shoving the general authorized distribution of Set
No. 710-010, Reproduction Equipment, Ammonia Process (Inclosure No. 2).

b. Table showing comparative physical and teocnical features
and capabilities of the Streamliner, the Fxperimental Model, and the
Irintmaster; the latter machine being the nearest coummerci~l equivalent
to the Experimental Model (Inclosure No. 3).

c. Data sheet, dated 6 January 1950, on activities of the Engi-
neer Pesearch and Development Laboratories with respect to Reproduction
of Continuous Tone Photographic Prints by means of Diazo Type Materials.
Attention is invited to paragraph 4 of the data sheet Indlcatinp results
of a recent operational Job on which the Experimental model machine and
the 656th Engineer Topographic Battalion were utilized (Inclosure No. )).

6. Service test procurement of the new printer-developer, if re-
quired, has been proposed for initiation this fiscal year (F. Y. 1950).
However, before presenting this proposal to the Corps of Engineers Techni-
cal Committee, confirmation of the following is requested:

a. Arn7 Field Forces' requirement for this particular machine.
A tentative indication of probable distribution within Army Field Forces,
if the machine should be adopted, would be most helpful.

b. Arn7 Field Forces' service test requirements, if any, for
the machine. Unit cost in procurement involving only one or two machines
is estimated at $20,000. An estimated additional $10,000 would be re-
quired to cover cost of amaonia process materials needed for an extended
service test by field troops.

2
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SUBJECT: Amonia Process Equipment Developed Under Project 8-35-09-005
19 Jan 50

7. An early reply would be required in order to process a service
test project through the CETC and initiate service test procurement this
fiscal year.

FOR THE CMIlF CF ENGINEF:

/s/ D. G. Hanond
4 Incls D. G. HAMOWID

1. Cy Item 1086, CrTC Lt Colonel, Corps of Engineers
Meeting 169 Chief, Engr Research & Development Div

2. List shoving Distribution Military Operations
of Set 710-010 (dup)

3. Table of comparison of
characteristics of Stream-
liner, Frintmaster & Exp. Model (dup)

4. Paper, dtd 6 Jan 50, on activities of
1ML with respect to reproduction by
means of Diazotype Materials

ATENa 413.5(19 Jan 50) 1st Ind

Subject: Ammonia Process Equipment Developed Under Project 8-35-09-005

Office, Chief, Army Field Forces, Fort Monroe, Virginia 30 January 1950

TO: President, AFF Board No. 2, Fort Knox, Kentucky

Your comments and recommendations reference paragraph 6 of basic

correspondence are requested.

FOR THE CHIEF, APrY FIEID FORCES:

/s/ Nell M. Matzger
4 Incls NEIL M. MATZGM

n/c Lt Col AGD
Asst. Adj. Gen.

AKCE P-1400 (19 Jan 5o) 2d Ind

SUBJECT: Ammonia Process Equipment Developed Under Project 8-35-09-005

AraW Field Forces Board No. 2, Fort Knox, Kentucky 17 February 1950

TO: Chief, Army Field Forces, Fort Monroe, Virginia
ATTENTION: Assistant Chlef for Research and. Development

1. References.

3



AKCZ P-14Mo (19 Jan 50) 2d Id 59
SUJCT: A2mmia Process Equipment Developed Uhder Project 8-35-09-005

a. Ltr, AFT Bd No. 2, P-1J36, AKCE, 12 Nov 1948, subject:
"Quantity Reproduotiono' Aerial Photographs for Intelligence Use in the
Field Armies."

b. Ltr, R & D Group, Logistics Division, General Staff, CS
GLD/73 062.3, 7 February 1949, to Ch lef of Engineers, subject: "Quantity
Reproduction of Aerial Photographs for Intelligence Use in the Field
Armies," v/i inclosure and 7 indarsement5.

c. AFF Bd No. 2 Third Partial Report of Projects No. 1146 and
1150, Military Characteristics of Surveying Equipment, Map Makingand
Reproduction Equipment, and Changes to T/O & E, 13 January 1949.

d. AFF Bd No. 2 Report of Project No. 1400, Photo Reproduction
Methods and Equipment, 3 February 1950.

e. Department of the ArzW Field Manual 100-10, Field Service
Regulations, Administrative, September 1949.

2. This board agrees with the statement in paragraph 4 basic letter
concerning the experimental machine as being "... too large and costly
to permit its issue to all units now issued Set No. 710.010." The replace-
ment of the Ozelid machine Model E in this set by the new Ozalid "Streon-
liner" machine should provide adequate reproduction equipment for all normal
uses of this set.

3. This board believes that the experimental machine developed under
DA Project 8-35-09-005 should be accepted as an item of photographic repro-
duction equipment only for the short term period, since no other satisfactory
mobile equipment is now available. However, imediate procurement of this
item, except in an emergency, is not believed warranted, since it appears
possible to develop within the next 2 years a special amnis process multi-
printer more suitable for the reproduction of aerial photographs.

.. Military characteristics for this special ammonia process multi-
printer are included in a recent report prepared by this board (see refer-
ence id, above). It should be noted that this board, starting in November
1948, has consistently recommended the initiation of a separate project for
the development of the diazo process and vmwnla process multiprinter (see
reference la, above). Attention Is called to paragraph 6b, Project No. 1400
(reference id) which concludes that "the development of this unconventional
dry process (diazo) should be expedited by providing higher priority and
more funds than are presently allotted in order that it may be tested as
soon as possible by Aror Field Forces." It is believed that every effort
should be made to accomplish full development of this process and the re-
quired ,mltiprinter equipment during the next 2 years. Development costs
have been estimated at approximately $100,000 (see paragraph 3 of 4th
indorsement to reference lb, above).

5. The proposed procurement of the experimental machine for selected
units, as noted in the concluding sentence of paragraph 4, basic letter,
is not concurred in. The higher rate in reproducing conventional materials
(line drawings) Is not believed to be important enough to warrant the

4



AKCE P-1400 (19 Jan 50) 2d Tnd 6c,
SIBJECT: Ammonia Process Equipment Developed Lnder Project 8-35-09-005

difference in cost over the commercially produced Ozalid Streamliner,
which is now available in Set No. 710.010. Further, there seems to be no
justification for providing a large and expensive photo processing machine
to other than the one uWit assigned the basic mission of reproducing large
quantities of aerial photos for the field arnW. Any Lmit having Set No.
710.010 can print aerial photos in limited quantities when desired.

6. At presenc writing, this board cannot give definite information
on the number of ammonia process multiprmnters required by a field arMV.
Studies have indicated that a field are will require multiprinting equip-
ment capable of reproducing a maximum of 50,000 photo prints per day from
aerial film exposed by the Air Force (see reference ld, above). At present
no requirement can be seen for aRmonia process multiprinters outside of
this one company in each field aru. It should be noted, howevrer, that the
above excludes the reproduction of aerial photos taken from liaison aircraft
assigned to the field arn. The Simal Corps has been assigned this mission
recently (see paragraph 4b(2), reference 1., above) and this board has no
information on the process or equipment which they plan to use. Since the
quantities involved in liaison photos normally are much smaller than those
obtained from the Air Force, it may be presumed that the Signal Corps will
employ the conventional silver halide process and equipment.

7. It is believed that no service tests of the experimental machine
should be conducted for the following reasons:

a. The engineering tests, as noted In inclosure 4, indicate that
the machine will reproduce satisfactory photo prints in large quantities,
when operated by arnV enlisted personnel.

b. The cost of procuring a service test model and the necessary
test material, as noted in the basic letter, are considered excessive in
view of the current econouq program, espeoially for a short term item of
equipment which probably can be replaced within 2 years.

c. The machine should be standardized for the short term period
based on the results of engineering tests. Procurement should be limited
to emergencies.

8, Tn view of the above this board recommends that:

a. No Army Field Forces service tests be conducted with the 4-
inch ammonia process machine developed under DA Project 8-35-09-005,

b. The 42-inch ammonia process machine be standardized as an item
of short term equipment but that no procurement be authorized except in an
emergency.

c. Adequate Pi:nds be made available during the next fiscal year for
expediting the development of an ammonia process photographic multiprinter.

F(PR ' IT 1ITDBIM:

/s/ S. G. Brown, Jr.
4 Inqls , G. BI' R1, JM.

n/c 5 Lt Col, Caw - Executive



ATR2G 413.5(19 Jan 50) 3rd Ind 61
Subjeot: Ammioia Process Equipment Developed Under Project 8-35-09-005

Office, Chief, AraW Field Forces, Fort Monroe, Virginia 9 March 1950

TO: Chief of Engineers, Department of the Armr, Washington 25, D. C.
ATNETION: Engineer Research and Development Division

1. Your attention is invited to the preceding indorsement. This
Office concurs, in principle, with the recommondations contained in
paragraph 8.

2. It is believed that the recent production run of some 50,000
photographic prints for exercise "Sweetbriar" constitutes an adequate
service test of the 42-inch machine, considering its limited applica-
tion. Accordingly, no AFF service test of this equipment is antici-
pated.

3. The recommendation contained in paragraph 8c of the preceding

indorsement is being treated in separate correspondence.

4. it is recommended that:

a. No AnuW Field Forces service test of the 42-inch machine
developed under the subject project be performed.

b. The 42-inch sionia process machine be classified as a
Class IV item of issue.

FOR TEE ClunF, ARMW FIELD FORCES:

/s/ Nell M. Matzger
4 Incls NEIL M. MATZMM

n/c Lt Col ACD
Asst. Adj. Gen.

Copy furnished:
Pres, AFF B3d 2

6
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SUJECT: Anwnia Irocesas Equipment Developed under Project 8-35-09-005(1)

M (19 Jan 50) 4th Ind

Office of the Chief of Engineers, Washington 25, D. C., 9 MoV 1950

TO: Commanding General, The Engineer Center, Fort Belvoir, Virginia

1. Forwarded inviting attention of the Engineer Research and Develop-
ment Laboratories to the recommendations of the Chief, Ar37 Field Forces,
in the preceding 3rd Indorsement. This office concurs in these recommenda-
tions.

2. Unless recommended otherwise by the Engineer Research and Develop-
ment Laboratories, it is now proposed that the machine be classified as a
Class IV item of issue on the basis of engineering tests which are under-
stood to be complete, and of the several production test runs which have
been made. The item has been deleted from the Engineer Service Test Procure-
ment Progrmu for F. Y. 1950.

7. Tt is requested that the Engineer Research and Development Labora-
tories prepare their report on this machine in the form of a final report
on this particular phase of Project 8-35-09-005 and proceed with the pre-
paration of specifications suitable for use in procurement.

BY CP,= OF T[¶ CHIEF OF TGINKERSP:

4 Tncls /S/ D. G. Rammedd
1. Cy Item 1086, CETC D. G. HAMMCND

Meeting 169 Lt Colonel, Corps of Fngineers
2. List showing Distribution Chief, Enr Fesearch & Development Div

of Set 710-010 Military Operations
3. Table of amuparison of

characteristics of Streamliner,
Printmaster & Exp. Model

4. Paper, dtd 6 Jan 50, on activities of
FML with respect to reproduction by
means of Diazotype Materials

TECAG 400.1 5th Ind
(19 Jan 50)
SJBJECT: Ammoia Process Equipment Developed Under Project 8-35-09-005

12 Mkv 1950
Headquarters, The Engineer Center & Fort Belvoir, Fort Belvoir, Virginia

TO: Commanding Officer, Engineer P esearch & Development Laboratories,
Fort Belvoir, Virginia

4 Tncls /s/ B
n/c



Authorized Distribution of 63
Set No. 710-01, R -eproduction A sA ni Process

T/0&E 5-52 Hq & Eq Co., Port Construction and Repair
5-55 Topographic Bn, ArmV

* 5-166T Eq & Eq Co., E r Survey Bn
5-189 Engr Base Photomapping Co., Engr Base Topo Bn
5-250-1 Eq & Eq co., Fagr Bri gade
5-312 Eq & Hq Co., Engr Constr Grp
5-400 Engr •.riation Topo Org
5-412 Hq & Hq & Service Co., Engr Aviation Group
5-6528 Hq & Bq Co., Engr (Petroleumn Prod. Depot)

T/A 4-2 Coast Artillery School

5-1600 Camp Gordon Engineer Aviation Unit
250-12 AroW FF Bd. No. 2
20-69 Joint Mil. Adm. Grp., Phil. Is
20-120 European Command
250-11 Army Field Forces Board No. 1
250-14 Arn, Field Forces Board No. 4
85-5 ORC
20-714 Pukyus Command
5-1100 Engineer School, Ft Belvoir

Inel 2
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ENINS EE RESEARCH AND DEVIELOPHMEN LA80MATOrNES
ADDRIES IMPLY TO THE ENGINEER CENTER AND FORT BELVOIR

*coMg4%ouo 4I.FFICUR PORT NULVOIR. VA.
gugma.411190uu95AcM N £aovg~wsguar LARGAT@RINU

FORT BELVOIR. VA.

IN REPLY TZCIU) AU , E 15RKIui TO: 400.1 (8-35-oo-Moo)

SUDJUT a Transisittal of Report 1174& Final Reports 3iu..1 eb Tests of
Uzperiagnta.1 himcnia Process Printer-Dovaloper

TEIRUs COminnding General
The hagine~er Center end Fort Belvoir
Fort Belvoir, Virginia

TOo Chief or bgineerf
Department of the ArEF
Ikehington 25s, Do C.
ATTRITION: Che, 3igineer Research and Developiment Division

1. Tramnsitted herewith is Report 1174,e OFinl Report. bnineering
Tests of Rzperimeatal Anonia Process Printer-Ceveloperou dated 6 JW7
1950, which its prepared by the Teoolmical Staff Of the NaneerO Research
and Development Laboratories* This report cpovers mngin eriag tests can-
ducted an an experimental 42-inch SMIomia Process prInt er-4veloPer
generally coslforimlig to military characteristics established by the
project.

2. The report concludes that:

a. With the modifications acomoplished and those recommended
under par* 15 of the reports the machine is a saftoftototy replaceiment
for present standard equiluent used for the production of lIfe-work
printas where the quantity of work necessitates the use of a highi speed
production machine*

b. The machine is satisfactory for the production of contin-
uous-tone prints from cut sheet avd aerial roll iMap as an auxiliary
feature to the line-work reproduction.

o* By reason of its width, this asobine Is not suitable for
the exclusive production of continuous-tone photographic prints In rolls*



4oo.i (4-3-)
ftbecta 1 r1 amitta6 Of eport U74. a bplzt, Fgia.oriug Tests of

~.r &'I OAMIaU Preseess 41.R li.. 0- pG

d. The ucbha. is suitable for standaxdisatiem as a Class IT itim
of islose

So Fwtbs Ivestigatlemi, mad du4Olpemat is neososar7 to provide
,macnia proOO.. oquil st suitable for the exclusive produotlia of wetuis-
tam plints frm aerial roll films.

So The report rocammds tbets

a. The o•orlst snmia process prioter-evsloperp modified
as noted ia pr. 15 of the report, be classified as adp•ed types steadard
types and as a Class IT itea at issueo

bo Project 8-3-0-OO- be modified to cever the developmest of a
special oemnia process prltero•evoloper suitable fer the exolusive produs-
tica of oomziauos-tweo prints from aerial roll filmso

4. The report vith its oomolusli and reomamdati•ms In approved*

Io Proposed distr list
(in qp.ui)

a. o 1. 1174 (in quad)

TECAG qfP./ .1gaSIn19

Hq, The Engr Cen & Ft Belvoir, Ft Belvoirt V1e

TO: C of EnSrs, DA. Washington 25, D. C.



SUDJRO•s Transmittal of Report 1174s, Flus' Report,
Engineering ests of 3:'ere'ental Amonia Process
Printer- Developer

EMIR (I Sep 50) 2nd Ind

Office of the Chief of E'bgeers,, lbtshlngton 25, D. C.,
25 Sep 50

TO: Commnding General, %a Ingineer Center, Fort Belvoir,
Virginia,

1. Engineer Research and Development Laboratories
Report No. 1174 and the proposed distribution are approved,
with the exception that the use of the word "exclusive" In
the conclusions and recoamendations Is considered Inappropriate
and subject to ambiguous Interpretation. However, there Is
believed to be complete understanding on this matter between
this office, the Army Field Forces and the Engineer Research
and Development Laboratories, In that the production of
continuous-tone prints was a secondary requirement of the
printer-developer reported on, whereas a unit is now required
with this as the primary design objective.

2. With regard to the recomendations of the report,
the following action has been taken:

a. Necessary logistical data are being assembled to
classify as standard, Reproduction Equipment, Set No. 7,
Ammonia Process, Continuous-Tone. The printer-developer
described in Report 1174 Is the major component of this set.

b. A subeomiittee report recommending revision of
Project 8-35-09-005 to cover development of a 22-inch printer-
developer suitable for quantity production of continuous-tone
prints in the field has been submitted to the Corps of Engineers
Technical Comittee for consideration at an early meeting.

BY ORDER OF TER CHIEF OF EIGI :

1 mncl D. G. NAMEOND
1. Proposed Lt. Colonel, Corps of Engineers

Distr List Chief, Eng Research & Development Div
(Incl No. 2 w/d) Military Operations
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